Objective: This study evaluated the effectiveness and safety of amlodipine/valsartan/hydrochlorothiazide (A þ V þ H) single-pill combination therapy in the treatment of hypertensive patients in daily practice.
Introduction
Hypertension is the main cause for cardiovascular (CV) diseases 1 . Additionally, hypertension is among the leading causes of death worldwide. In 2001, 13 .5% of the global total deaths were caused by hypertension-related diseases 2 . The complications and comorbidities associated with hypertensions include cerebrovascular disease, ischemic heart disease, cardiac and renal failure and stroke, as well as retino-and nephropathy 3, 4 . In the last decades the prevalence of hypertension has increased and it is expected to do so further 5, 6 . By 2008 the prevalence was $30% and for about half of the hypertensive patients blood pressure (BP) was under control (systolic BP [sBP] of 5140 mmHg and diastolic BP [dBP] of 590 mmHg) 5 . Increasing longevity, obesity, physical inactivity, and an unhealthy diet are among the reasons for the increasing prevalence of hypertension 3 . Several guidelines address the management of hypertension [7] [8] [9] . According to the European Society for Hypertension (ESH)/European Society of Cardiology (ESC) 8 guidelines for most patients, including those with marked BP elevation, high CV risk or those needing to achieve a lower BP target, a combination of !2 drugs from different classes is advised to reach the target BP of 5140/90 mmHg (5130/80 mmHg for diabetic and hypertensive high-risk patients). The specific BP target for diabetics has been re-appraised in the ESC/ESC hypertension guidelines and is now 5140/90 mmHg also 9 . Compliance is significantly influenced by the number of pills a patient is prescribed to take [10] [11] [12] . This 'pill burden' is further intensified by the high rate of comorbidities that often need treatment. Therefore, single-pill combination regimens have been developed. In addition to increased adherence, combination therapies can have beneficial effects on hypertension control when drugs with different mechanisms are combined 12, 13 . For example, the combination of the calcium channel blocker amlodipine (A) and the angiotensin II receptor blocker valsartan (V) has shown to have an improved efficacy and safety profile compared with monotherapy [13] [14] [15] . When hydrochlorothiazide (H) was added to A þ V the resulting single pill combination A þ V þ H lowered BP more effectively compared with the respective dual therapies 16 . The aim of the present non-interventional study was to investigate the effectiveness of single-pill A þ V þ H therapy in daily practice and to evaluate the incidence and profile of occurring adverse events. Effectiveness of A þ V þ H therapy was evaluated with regard to normalization of BP according to the Guidelines of the ESH 8 (5140/90 mmHg for non-diabetics or 5130/80 mmHg for diabetics-as defined in the guidelines at the time of conducting the study) and therapeutic response (sBP 5140 or !20 mmHg decrease vs baseline and dBP 590 or !10 mmHg decrease vs baseline). Additionally, the influence of the pill burden both on hypertensive patients and their treating physicians was investigated. These results are the subject of a separate publication 17 .
Patients and methods

Study design
This was a prospective, open-label, observational multi-center study conducted between November 2009 and November 2010. A total of 1269 practices of general practitioners and internists in Germany participated. The study was notified in accordance with x67 (6) German Drugs Law (AMG) and conducted according to the applicable regulatory requirements and recommendations. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000, and as far as applicable for observational, non-interventional studies.
Informed consent was obtained from all patients for being included in the study. The participating physicians received a compensation for the documentation of each patient in accordance with the official scale of physicians' fees (Gebührenordnung für Ä rzte, GOÄ ). The study was approved by the respective Ethics Committee. The study has been registered according to local regulations in a German register: http://www.vfa.de/ de/arzneimittel-forschung/datenbanken-zu-arzneimitteln/ nisdb/nis-details/_382.
Treatment was performed only according to medical and therapeutic needs. Procedures and decisions including frequency and timing of examinations were the responsibility of the treating physician and were to be performed according to practice routine. Additional examinations exceeding the usual scope were not required.
Study population
Data of 7132 patients of both genders diagnosed with essential hypertension and for whom treatment with A þ V þ H was indicated according to the physician's opinion were analyzed in this non-interventional study. There were no additional inclusion criteria (e.g., severity of hypertension). Except for the contraindications mentioned in the respective summary of product characteristics (SmPC), no other exclusion criteria were applied. All dosages of A þ V þ H available on the German market could be used.
Study conduct and assessments
The observational period per patient was 3 AE 1.5 months. Examinations were to be documented by the physician at the start and end of the observation period (after $12 weeks). Optionally, an additional visit (after $6 weeks) within this period could be documented. At the start of the study demographic and diagnostic data, CV risk factors, prior and concomitant diseases relevant to the indication, information on potential antihypertensive pre-treatment, and total number of pills (overall and for the treatment of hypertension) were collected. Vital signs (sBP and dBP, heart rate) were assessed according to clinical practice and documented, as well as dosing of A þ V þ H therapy, dosing and intake of concomitant antihypertensive therapy, at study start, end, and in between visits. Data from laboratory parameters or ambulatory blood pressure measurements was not collected. Adverse events (AEs) were reported during the whole study period according to local regulations.
At the start of the observational period, patients filled in a questionnaire concerning the influence of the number of pills, and physicians filled in a questionnaire concerning the impact of the number of pills in daily practice. Results regarding pill burden are the subject of a separate publication 17 . The data in all documentation forms was examined for their plausibility by the data management department. Additionally, on site monitoring and source data validation was carried out for a defined percentage (2%, in line with common practice in Germany 18 of randomly chosen study centers).
Data analysis
According to the pre-defined statistical analysis plan, statistical evaluation was performed using basic descriptive statistical methods and explorative interpretation of the results. The results of the overall population are shown. For some analyses, additional sub-groups (by sBP, dBP, and age at study start) are presented. The statistical evaluation was carried out using SAS Version 9.2 for Windows (SAS Institute, Cary, NC).
For qualitative variables, the absolute and relative frequencies were given and, for quantitative variables, characteristics of statistical distribution (e.g., Mean, Median, Minimum, Maximum, and Standard Deviations) were calculated. Missing data were not replaced for analysis and are not always in the tables or figures. Hence, the total across the respective categories does not always yield 100% for each of the parameters.
To minimize the influence of cases of premature discontinuations and those lost to follow-ups, for each patient the data of the last available visit after baseline (either the optional visit after $6 weeks or the visit at end of observation after $12 weeks) were used and summed up as a last follow-up (called 'last visit').
Results
Patient demographic characteristics
Baseline characteristics are summarized in Table 1 . The percentage of male patients was slightly higher compared with female patients, and the mean age was 64.8 AE 11.5 years. The mean height was 170.6 AE 9.2 cm, with a mean weight of 85.9 AE 16.2 kg. The mean BMI was 29.5 AE 5.0 kg/ m 2 . BMI categories showed that the majority of patients were overweight (45.5%) or obese (37.7%).
Essential hypertension was diagnosed for 99.6% of patients. For 0.4% of patients the information was missing. At baseline the mean sBP was 158.8 AE 17.7 mmHg and the mean dBP was 91.5 AE 10.7 mmHg.
The most common risk factors were positive family history (60.7%), dyslipidemia (46.9%), and diabetes mellitus (33.9%). Before start of observation with A þ V þ H, 93.4% of the patients had received antihypertensive medication, with the most common compounds being H (47.5%) and A (40.0%).
Treatment with
For the majority of patients (98.7%) a visit at the end of the observation period after $12 weeks was documented. Additionally, 74.5% of patients had a documented visit during the observation period. The mean time between baseline and the first or second visit was 1.6 AE 1.2 ($6 weeks) and 3.0 AE 1.5 months ($12 weeks), respectively. Table 2 presents the A þ V þ H dosages from the start of the study until the last observation. The most commonly reported daily doses of A þ V þ H at study end were 5/160/ 12.5 mg (30.5%) or 10/160/12.5 mg (33.1%).
The change in A þ V þ H dosage is presented in Table 3 . For the majority of patients (475%), the A þ V þ H dosage remained stable from baseline compared with the last visit. For 14.1% of the patients receiving 5/160/12.5 mg and 15.0% of patients receiving 5/160/25 mg A þ V þ H the dosage of A was increased from 5 to 10 mg. About 10% of patients receiving 10/160 mg/25 mg A þ V þ H increased V from 160 to 320 mg.
BP response
During the course of the observation period, BP decreased markedly (Figure 1) . From the start of the observation to the end of the observation, the mean sBP decreased from 158.8 AE 17.7 to 135.0 AE 11.8 mmHg and the mean dBP decreased from 91.5 AE 10.7 to 80.2 AE 7.3 mmHg. The mean BP difference at the last visit compared with baseline was À23.7 AE 17.5 mmHg (sBP) and À11.3 AE 10.6 mmHg (dBP).
The degree of BP reduction in relation to sBP at baseline is presented in Figure 2 (a). The absolute change in BP increased with increasing sBP at the start of the observation, ranging from a 15.7/9.3 (sBP/dBP) mmHg decrease at last visit in patients with sBP at baseline of !140 to 5160 mmHg to a 46.3/17.9 (sBP/dBP) mmHg decrease at last visit in patients with a sBP at baseline of !180 mmHg.
The absolute changes in BP during the observation by age at baseline are shown in Figure 2 (b). There were no major differences in BP decrease between the age groups.
In Table 4 the effects of therapy at the last visit compared with baseline (normalization of BP and response of BP) are summarized. A total of 43.5% of the patients reached normalization (BP 5140
Normalization rates tended to decrease with increasing sBP at baseline, ranging from 61.3% in patients with sBP 5140 mmHg to 28.4% in patients with sBP !180 mmHg.
In contrast, response rates tended to increase with increasing sBP at baseline (range ¼ 60.0% in patients with sBP !140 to 5160 mmHg to 87.1% in patients with sBP 4180 mmHg). Similar tendencies were observed for stratification by dBP.
Normalization and response were roughly comparable in patients aged 565 years at baseline (normalization ¼ 47.5%; response ¼ 74.6%) compared with patients !65 years (normalization ¼ 39.9%; response ¼ 68.3%) and in patients 580 years (normalization ¼44.1%; response ¼ 71.7%) compared with patients !80 years (normalization ¼ 37.0%; response ¼ 67.3%).
Assessment of safety
Premature discontinuation of treatment occurred in 3.2% of the cases. The main reasons for these were adverse events (AEs, 42.9%) and change of compound (26.5%).
For 164 of the 7132 patients (2.3%) a total of 267 AEs (210 non-serious (nsAE) and 57 serious (SAE) adverse events) were recorded. Table 5 lists the most frequent AEs (i.e., !0.05% of patients). Peripheral edema (0.6%) and dizziness (0.2%) were the most common AEs. SAEs were only seen in 20 patients (0.3%), with most of these being individual occurrences.
Three patients died during the observation period (myocardial infarction; multi-organ failure; pancreatic carcinoma). According to the treating physicians there was no causal relationship to the study drug in these cases.
Discussion
The present study investigated the effectiveness and safety profile of A þ V þ H given as a single pill for the treatment of essential hypertension in daily practice. The efficacy of A þ V þ H combination therapy in hypertension treatment has been demonstrated in clinical trials 16, [19] [20] [21] [22] . At baseline 490% of the patients included in this study had a sBP !140 mmHg and/or dBP !90 mmHg. In sBP the most commonly seen BP categories were !140 and 5160 mmHg and !160 and 5180 mmHg. The most frequent dBP category was !90 and 5100 mmHg. The majority of patients were overweight or obese. Additionally, nearly all of the patients had CV risk factors, the most common being positive family history, dyslipidemia, and diabetes mellitus. About two thirds of the patients in this study received A þ V þ H either in the combination of 5/160/12.5 mg or 10/160/12.5 mg. The dose was mostly stable throughout the observation period. If uptitration occurred, it was most often observed in increasing the A or V dosage. However, there is no information about the decisionmaking process.
During the observation period both sBP and dBP markedly decreased. Normalization (BP 5140/90 mmHg or 5130/80 mmHg for diabetics) was seen in $40% of the patients and $70% showed therapeutic response (sBP 5140 or !20 mmHg decrease vs baseline and dBP 590 or !10 mmHg decrease vs baseline in non-diabetic patients and sBP5130 or !20 mmHg decrease vs baseline and dBP 580 or at least 10 mmHg decrease vs baseline in patients with diabetes). Taken together, these data show A þ V þ H is an effective drug in anti-hypertensive therapy in the patients studied. The present study was an observational study investigating an heterogeneous patient population. Therefore, the average reduction in BP was in line with the expected effectiveness of A þ V þ H under real life conditions. BP reduction was strongly dependent on the BP category at baseline. The highest decrease in BP (46.3/17.9 [sBP/dBP] mmHg) was seen in patients with a sBP of !180 mmHg at baseline, while patients with a sBP of !140 to 5160 mmHg still had a decrease of 15.7/9.3 (sBP/dBP) mmHg. This effect is well known from clinical studies where patients with higher BP levels show a stronger response to initiation or intensification of antihypertensive therapy.
When analyzed by BP at the start of observation, the normalization rate at the last visit was higher in patients with lower BP compared with those with higher BP at the start of observation. In contrast, patients with elevated BP at baseline reached the therapeutic response more frequently at the last visit, most probably due to the fact that it was easier for them to fulfill the condition of '!20 mmHg systolic and !10 mmHg diastolic BP reduction' that was part of the definition of therapeutic response.
There was no major difference in BP decrease between the sub-groups by age, indicating comparable effectiveness of A þ V þ H across the age range of the study population. Similarly, normalization and response were roughly comparable for different age groups.
Most of the adverse events were observed in single cases only. In total, peripheral edema, which is a known sideeffect of A, occurred most frequently. According to Fogari et al. 15 , the addition of V lowers the frequency of its occurrence. Taken together, treatment with A þ V þ H was safe and well tolerated.
The present study was an observational study and, therefore, has the inherent limitations and advantages associated with this type of study [23] [24] [25] .
First of all, lack of blinding and randomization may lead to a selection bias. The treating physician decides on the prescription and dosage of the respective medication, thereby influencing the patient and treatment groups. Second, the heterogeneity of the patient population may confound analysis due to a high variation in collected demographic and disease history data. Third, the lack of a control group complicates analysis of outcome data, especially the interpretation of BP response and adverse event rates. Furthermore, incomplete and inconsistent data due to patients that discontinue therapy or are lost to follow-up during the observation period may create an outcome bias. To minimize bias, the data of the last available visit after the start of observation were summed up as a last follow-up (i.e., called 'last visit').
Changes in laboratory parameters were not collected (e.g., liver and kidney tests) due to the non-interventional nature of this study. Availability of laboratory data would have allowed a more detailed assessment of safety and tolerability.
The calculation of normalization and therapeutic response used in this study was based on the hypertension guidelines in place at the time of the study 8 . The re-appraisal of these guidelines showed that the recommendation to lower BP 5130/80 mmHg in patients with diabetes is not sufficiently supported by outcome trial evidence 9 . Thus, post-hoc analyses were performed to account for these new guidelines. According to these, normalization was defined as sBP 5140/90 mmHg both in diabetic and non-diabetic patients and therapeutic response as sBP 5140 or !20 mmHg decrease vs baseline and dBP 590 or !10 mmHg decrease vs baseline both in diabetic and non-diabetic patients. Normalization (BP 5140/90 mmHg both in diabetic and non-diabetic patients) at last visit was seen in 58.6% of the patients and 79.7% showed therapeutic response (sBP 5140 or !20 mmHg decrease vs baseline and dBP 590 or !10 mmHg decrease vs baseline both in diabetic and non-diabetic patients). As expected, normalization and response were higher according to the new guidelines.
Regarding normalization and response rates it has to be taken into account that 5.4% of the patients had already reached the target BP at baseline. It can be assumed that these patients were switching from the free combination therapy to fixed combination therapy.
However, a major strength of the study is the real life setting. Treatment decisions and selection of patients were performed by the physician according to practice routine and the Summary of Product Characteristics. Consequently, the results of the present study have a high generalizability and applicability. Furthermore, the collection of data in a real-life situation provides information on general data like typical patient characteristics and current treatment approaches in the management of hypertension in daily medical practice. Additionally, the sample size in this study was considered sufficiently large to allow analysis of outcome and differences between sub-groups.
This study showed that in a real world setting some patients still do not reach BP control. The physicians were not limited in treatment options, so that BP control theoretically could have been reached in a higher percentage of patients. Perhaps individual BP targets, which are often discussed and differ from the ones given in the official guidelines, are one of the reasons. Lack of individual patient compliance and 'white coat hypertension' could represent additional reasons.
In conclusion, the A þ V þ H single-pill combination effectively lowered BP in patients with essential hypertension and was well tolerated.
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